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GROWTH TABLES FOR SELECTIVELY-CUT PONDEROSA PINE 


IN WESTERN MONTANA 
by 
Arthur L. Roe 1/ 


INTRODUCTION 


A study of cut-over ponderosa pine stands in western Montana was made in 
1947 in answer to forest managers! requests for ways to predict growth 
of selectively-cut ponderosa pine timber. Growth responses to different 
intensities of cutting were analyzed on 60 half-acre temporary sample 
plots. Age of cutting varied from 5 to 50 years. 


From the data obtained, a set of yield tables has been developed for 
predicting growth of residual trees after logging. The eight growth tables, 
and methods for their use, are the subject of this report. They are pre- 
sented on pages 6 to 13. Two kinds of estimates can be made from these 
tables: 


1. A general estimate of growth of residual stands on areas 
containing typical, or average, conditions, to be used 
principally for broad planning purposes. 


2. A more precise prediction of the growth of residual stands 
which includes adjustments for stand competition, site index, 
and maturity. 


HOW TO USE THE TABLES TO PREDICT BOARD-FOOT GROWTH 
IN CUT-OVER STANDS 


GENERAL ESTIMATES 


Growth may be estimated as an average figure which will be applicable to 
average or typical residual stands. Tables 1, 2, and 3 show average 
volume of residual trees by reserve stand classes up to 50 years after 
cutting by five-year intervals and site classes. The volumes given are 
net because mortality has been deducted. Table 1 represents growth 
estimates for typical or average site class conditions on cut-over areas 


1/ Division of Forest Management Research. 
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in western Montana. Tables 2 and 3 show values for site classes IV and V, 
respectively. To convert the values found in these tables to other site 
classes, use a 12-percent adjustment factor between site classes. For 
example, the values found in the site class IV tables when multiplied by 
112 percent will be converted to corresponding values for site class III. 


The board=foot volume of the reserve stand (trees 10 inches d.b.h. and 
larger at logging) and site class are the only stand statistics needed in 
order to use tables 1, 2, and 3. Site classification tables are presented 
in appendix tables 1 and 2. For example, assume that selective cutting 
in a ponderosa pine stand averaging site class IV left a reserve stand of 
4500 board feet per acre and that the predicted volume of this stand in 
30 years is required. The average volume of the residual stand 30 years 
later would be found as follows: (1) enter table 2 at the 4500 board-foot 
reserve stand class (interpolate between 4,000 and 5,000 board feet): 

(2) read the values in the 30-year colum. The volume will be 6920 board 
feet 30 years after logging, representing a net growth of 2420 board feet 


(6920 bd. ft. = 4500 bd. ft.) in 30 years, or 80.7 board feet periodic annual 


growth. Ingrowth must be computed independently because it has not been 
included in these tables. 


ADJUSTING GROWTH ESTIMATES FOR ADDITIONAL VARIABLES 


To refine the growth prediction, greater knowledge is required concerning 
the reserve stand. The following information will be needed: 


1. A stand table of the residual trees in the l=-inch d.b.h. 
class and larger. 


2. Basal area of the reserve stand 9.6 inches d.b.h. and larger. 


3, Site index (height in feet of the average dominant and codominant 
trees at 100 years). See appendix tables 1 and 2. 


4. Age of residual trees - obtained by taking a weighted average 
of Keen age classes of sample residual trees. 


After basal area has been derived from the stand table, summarize the 
survey data from the cut-over stand and compute growth as shown in the 
following example; 
Reserve stand data: 
1. Volume ~- 5000 board feet 
2. Basal area —- 50 square feet 
Site index = 70. feet av lOO meansi (site Glass) 
» Keen age ~ 2.6 


5. Cutting cycle - 35 years 


Growth compilation: 


1. Derive gross growth by reading from table 4 for the correct basal 
area (50) and cutting cycle (35). In this instance, gross growth 
is 4850 board feet. Interpolate when values are intermediate to 
those shown in the table. 


2. Obtain a correction factor (94 percent) for age (2.6) and site 
index (70) from table 5. This reduces growth to 4559 board feet 
(4850 X 0.94). 


3. Take out mortality with the 15 percent average found in the 
study. 4559 - (.15 X 4559) or 4559 X 0.85 = 3875 board feet. 
This is net growth of the residual trees. In case the user of the 
table has at hand a more exact mortality correction factor for 
his particular stand, it should be used instead of the 15 percent 
average. 


4. Sum the reserve stand volume and net growth to obtain net volume 
of the residual trees atthe end of the cutting cycle or 5000 + 
3875 = 8875 board feet per acre. Periodic annual growth is 
3875/35 = 111 board feet. 


5. Set uv a stand table for determination of ingrowth, using field 
survey data as shown below: 


D.Bon. class Trees per acre 
in inches Ponderosa pine Douglas-fir 
(Number ) (Number ) 

3 ee ahs 

4 a= ae 

5 sal) PAS 
6 -- QF 
7 037 1.90 
8 ne 1,28 
9 092 083 

Total 1.48 8.93 


6, Compute ingrowth from tables 6, 7, and 8 and the stand table 
prepared in step 5. Tables 6, 7, and 8 show the board-foot 
volume of pole size trees by five-year intervals after 
logging. In our problem, both ponderosa pine in site class V 
and Douglas-fir are present. Therefore, values for the solution 
are taken from table 7 for ponderosa pine and from table § for 
Douglas-fir. Values, read from the proper diameter class and 
five-year interval in the table, should be miltiplied by the 
number of trees in the corresponding diameter class in the 
stand table. Thus, in the example there is 0.37 ponderosa 
pine tree per acre in the 77-inch d.b.h. class. A volume of 41 
board feet is shown in table 7 for the volume of a 7—inch tree 
35 years after logging. This volume multiplied by the number 
of trees per acre in the stand table will then give the volume 
per acre (41 X .37 = 15.17 bd. ft.). A tabulation like the 
following will be the result when volumes for the other diam- 
eter classes have been computed. 


Ingrowth volume summary per acre 


D. Bal. 
PRED : Ponderosa pine Douglas-fir 
Bdeit. Bas ft 
3 oa = 
Th _ eee 
5 37 OOO WeneS ose) 
6 == 8h, . 63 
t Is) TBS 85.50 
8 == 67.84 
9 71.78 49.80 
Total 86.93 373.02 


Sy) By referring to table 7, it will be seen that a five-inch ponder- 


osa pine does not attain merchantable size in 35 years. 
L,/ Number of trees per acre times volume per tree. 


The products derived are net values because average mortality has 
been deducted from pole volumes in the tables. 


ah= 


7. Obtain total volume of the stand 35 years after logging by 
summing the volume of residual trees and ingrowth. Computa- 
tions follow: 


Volume of residual trees at end of 


So-geaw ene ne GyGle © 0 Fo Ds es Ss Ss | SBS BA. ft. 
Ingrowth 

Pemtceass ine Gis Gis ao cee 40 we 6 eye ty “ 

Douglas-fir ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° Be) u W 


Total predicted volume of stand 10" d.b.h. 
and larger at end of 35-year cutting 


eee oe ee es te el oe ee Sap Swe eet 
Periodic annual. growth 

ei sane. th, F767 bd. ft. £2373 bas ft: = Ae. Bea it 
35 


LIMITATIONS ON USE OF TABLES 


Two limitations of which the user should be aware apply to prediction 

of growth from these tables. One limitation pertains to species composi- 
tion of stands. The stands studied contained, on the average, 77 percent 
ponderosa pine and 23 percent Douglas-fir by basal area. Hence, these 
tables should be used only for predicting growth of stands which are pre- 
dominantly ponderosa pine. The other limitation applies to predicting 
growth in stands which have been cut two or more times. Growth estimates 
from the tables should not be applied directly unless growth in a cut-over 
stand has dropped back to about the pre-logging rate. If a stand is still 
benefiting from the stimulating effect of thinning caused by a previous 
logging, its initial growth rate at the time of the second cutting will 

be higher than the initial rate given in the growth tables. Therefore, 
the tables will generally underestimate growth after a second cutting. 

By adjusting for the higher initial growth at the time of second or later 
cuttings, the tables would be improved but the degree of improvement and 
the reliability of estimates would be unknown. The growth values in tables 
1, 2, 3, and 4 should not be extended in order to permit prediction of 
growth in stands more heavily stocked than shown in the tables. It is 
probable that growth in more heavily stocked stands is influenced by 

stand density. 
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Table 5.--Adjustment factors for effect of age and site quality 
upon board-foot volume growth of ponderosa pine 
following selective cutting 


Average age Average site index 


(Keen class) ; 50 : 2 3 g 


: wy OO B00 U8 (4 90 
Percent Percent Percent Percent Percent 
0 25 133 142 150 158 
esa 122 nO) 138 147 155 
ee? 118 2H 136 TAA 152 
alas 116 124 133 141 149 
Lo4 2 Zs 130 138 146 
ang 5) 110 118 IPR IB)5) 143 
eo 106 Walls 124 ls 140 
hei 104 112 120 129 gy! 
58 100 109 118 126 134 
SS) 98 106 UA 123 yl 
AMG) 95 103 112 120 128 
Pooh 92 100 108 aay 125 
Dige 89 97 1O5 114 122 
BOS) 86 94, 102 ah alia 119 
Zolt 83 91 100 108 116 
Zap 80 88 97 105 ats) 
220 el 85 94 102 110 
Ze 7h 82 90 99 107 
Pests) 70 719 87 96 104, 
2.9 68 76 8h 93 idl 
BO 65 13 gl 90 97 
Broil: 62 70 78 87 9) 
Bae Sy) 67 75 8h 924 
323 56 64, 72 81 89 
3 oh Sp) 61 69 78 86 
SJa5) 50 58 66 WD 83 
Ba) 47 Dy) 63 72 80 
By. 4h 52 60 69 Ue 
38 Ad 49 Dil 66 74 
Bog 38 16 54 63 (al 
4.0 6)5) 43 Bul 60 68 
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Appendix table 2.--Site-quality classification for ponderosa pine, 
with corresponding heights at maturity 


in terms of logs. 1/ 


‘ Site index 
Site quality class :____&t 100 years 


Logs in dominant trees 
at maturity 2/ 


oe ee 


y Central value : Range 


NS | 


Feet Feet Number 
is ce otiode st citeusattal cho eNer aero neve 120 eal 10 or more 
TE lesceeabo's. Suet anes aver gues cacne vend 106 99--112 8 to 9 
EWI eens aire isc sich eleva tele aus 9? 85--98 7 
iV cere sre eee coe eec ere e 78 71--84 5 Lo 6 
Vive sovewelisl a sve vetoy ett cei one ‘ 64, 57--70 3 toy 
Walter aero ca oeta ete Nee atone 50 43--56 Bis 
VTS vote eiic'ie'aveoneverciene ; 36 43- 2- 


1/ Meyer, W. H., "Yield of even-aged stands of ponderosa pine." 
Us S. Dept. of Agr. Tech. Bull. 6305160 pp.) illuss elgaS. 

/ Estimated in terms of 16-foot logs to 8-inch top. Maturity is assumed 
to begin at the age of 250 years. 
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